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ABSTRACT
The spawning biomass of Pacific herring, CZupea harengus
paZZasii~ was estimated for Tomales Bay and San Francisco
Bay during the 1973-74 and 1974.,.75 spawning seasons. Estimates
involve determining numeers of eggs spawned and converting
this figure to tons of herring.
Age composition of the catch indicates the populations of
both bays are stable.
The spawning biomass was estimated at 6,559 tons and 4,734
tons in Tomales Bay for the 1973-74 and 1974~75 seasons,
respectively. Spawning biomass estimates for San Francisco
Bay were 6,127 tons and 19,465 tons for the 1973-74 and 1974-
75 seasons, respectively.
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INTRODUCTION
Interest in Pacific herring, C'lupea harengus paUasii, as a commercial
species in California has followed a unique cyclical pattern, characterized
by short periods of intense fishing that are separated by long periods of
little interest. This pattern has persisted since 1916, when the
California Department of Fish and Game began tabulating annual landings.
It is not surprising that interest from the scientific community also
follows a cyclical pattern that is characterized by periods of research
associated with intense fishing. Pacific herring are currently in the
midst of the fourth peak in interest both from the fishing industry
and the scientific community.
The first peak in our herring fishery occurred from 1916 to 1920.
Scofield (1918) documented the development of this fishery. The
herring were canned and reduced into fish meal, but fishing came to
an abrupt end with the California State Reduction Act of 1919, which
prohibited the reduction of herring into fish meal.
The second peak in herring fishing began with the decline of the sardine,
Sardinops sagax aaeru'leus, in the late 1940's and continued until 1953.
Herring were canned as a replacement of the sardine, but the product
met with poor public acceptance. Miller and Schmidtke (1955) studied
the herring resource during this period and estimated the spawning pop-
ulations of Tomales Bay at 4,000 tons and San Francisco Bay at 12,000
tons. However, the fishery had ended by the time these data were
available.
A fishery for herring eggs on algae, "Kazanoko Kombu", developed in
1965. This product is considered a delicacy in Japan. Due to public
conc~rn, the Department initiated a study to assess the current size of
the herring resource in Tomales Bay and to develop a management plan
for the harvest of herring eggs on kelp. Hardwick (1973) estimated the
spawning biomass of herring in Tomales Bay at 2,500 tons in 1971 and
1,600 tons in 1972. However, Hardwick's estimates are low since he
made no allowance for predation on the egg deposits before he sampled
them and predation can be extensive.
In 1972 Japan removed their import quota on herring roe. This action
immediately established a lucrative market for Pacific herring in
California. Consequently, in 1973 a resurgence of the herring fishery
in California developed, which precipitated many actions including
legislation that set temporary catch quotas and gave the Fish and Game
Commission control of the resource.
The current herring market is a tenuous one. Nearly all of the catch
is frozen and exported, ultimately reaching the specialty markets in
Japan. However, Japan is showing increased interest in herring roe
from China, which is a cheaper and superior product (Weiser 1975).
Should Japan cease buying California herring, our market will evaporate,
continuing the unique cyclical nature of this fishery.
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The current study is in direct reponse to the latest peak in the
herring fishery. Data presented in this report are the result of
field work conducted during the 1973-74 and 1974-75 herring spawning
seasons in Tomales and San Francisco bays. The goals of the study are:
(i) estimate the spawning biomass of herring in Tomales and San Fran-
cisco bays; (ii) determine if Tomales Bay and San Francisco Bay contain
separate stocks; and (iii) determine age, size, and sex composition of
the landings. These data form the basis for a management plan for the
Pacific herring resource in the two bays.
DESCRIPTION OF STUDY AREAS
Tomales Bay
Tomales Bay lies in Marin County, short distance north of San Francisco.
It is 20 km (12.5 miles) long and averages more than 1.5 km (0.9 mile)
wide. The bay is completely sheltered from oceanic wave action, and
there is also considerable fresh water run off entering the bay.
Hardwick (1973) documented the species composition and biomass of the
marine flora in Tomales Bay and found that eel grass, Zoste:roa manna"
comprises 75% by weight of all vegetation in the bay. While herring
will spawn on Fuaus sp., Ulva sp., Mac:rooeystis sp., G:roaci lana sp.,
Philospadix sp., Giga:r'tina sp., and other algaes~ eel grass is the
primary spawning substrate, toteling over 3.6 km~ (1.4 mile2) in area
(Figure 1),
San Francisco Bay
San Francisco Bay is considerably different from Tomales Bay. Both
bays are sheltered from the ocean and are influenced by fresh water,
but here the similarity ends. There is little eel grass in San Fran~
cisco Bay, and spawning surveys were limited to the intertidal zone and
immediately adjacent subtidal areas. In San Francisco Bay, herring
literally cover the shoreline with spawn, and it is more appropriate to
speak of spawning areas rather than spawning substrates.
The shoreline areas preferred by herring are just inside the Golden 'Gate
Bridge, along the Marin Peninsula, the Tiburon Peninsula, Angel Island,
and across the bay near Richmond (Figure 2). This constitutes our
survey area. Miller and Schmidtke (1955) also found herring spawning
primarily within this area. Herring have been known to spawn as far
inside the bay as Carquinez Straits.
BIOMASS ESTL~TES
The principal method used to estimate population size in both San
Francisco Bay and Tomales Bay involves estimating the total number of
eggs spawned during a season. Due to completely different spawning
habitats in both bays, the methods used for estimating the number of
eggs differ considerably.
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Tomales Bay
Sampling Techniques
The principal spawning substrate in Tomales Bay is eel grass, Zostera
marina. Every eel grass bed in the bay (Figure 1) was sampled on a
daily basis, weather permitting, from December through March. Spawn
samples were collected by towing a rake through the eel grass beds.
The rake also was used to determine both the perimeter of spawns and
the perimeter of the eel grass beds. The eel grass beds were reached
with a 15-foot outboard motorboat. A survey of the entire bay took
approximately 4 hours if no spawns were found.
Before spawning began in the 1973-74 season, the eel grass beds were
measured and the area of each bed recorded in square meters, Most of
the beds under 100,000 m2 (120,000 yd2) were measured in the field. The
larger beds between White Gulch and Toms Point (Figure 1) were plotted
on Coast Guard Chart 5603 by triangulation with landmarks and their area
was determined by using a polar planimeter.
Spawns on small eel grass beds nearly always covered the entire bed.
This simplified our surveys because the beds were already measured,
eliminating the time consuming field measurements for each. spawn.
Spawns on larger eel grass beds quite often covered only a portion of the
bed. When tfLis happened, th.e spawn area was plotted on Coast Guard
Chart 5603 and the area estimated from the chart.
Spawning runs seldom occurred on a single eel grass bed, but covered
several beds in one night or in a series of nights. Each bed was sampled
as a separate spawn, and the totals were summed. Sampling rates were
determined by area of each spawn site. Generally, we took no less than
3 samples from small spawn sites and no more than 10 samples from
extensive spawn sites. A sample consisted of a single tow with the
rake through the eel grass until a quantity of eel grass was collected.
In dense beds this could be a kilogram (2.2 lbs) or more, while in
sparse beds it might be less than100 grams (3.5 oz). The total amount
of eelgrass collected by the rake was placed in a plastic bag, labeled
with sample number, day and location from which the sample was taken.
None of the samples was preserved, but were refrigerated if they could
not be worked up quickly.
The samples were processed in the following manner. A representative
subsample of from 10 to 50 g (0.5 to 1.8 oz) was removed from the plastic
bag and weighed. The denser the egg deposits, the smaller the subsample
size, because of the large numbers of eggs that had to be counted. The
eggs were counted while adherring to the eel grass. If several layers
of eggs were on the eel grass, many of them were removed then counted.
The total number of eggs was recorded. When all the eggs were stripped
from the eel grass, the clean eel grass was reweighed. We now have the
total number of eggs that were spawned on a certain weight of eel grass.
Hardwick (1973) used similar sampling techniques; however, he determined
weight of eggs spawned and then converted to number of eggs spawned. It
is impossible to remove the eggs from the eel grass without crushing many
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of them, and many times the eel grass is brittle and the eggs cannot
be satisfactorily removed. Both of tnese factors will affect the weight
of the eggs. For these reasons I chose to count the eggs while they
were on the eel grass, whiCh eliminates error introduced by stripping
the eggs from the eel grass and then weighing them.
Eel Grass Density
The density of' eel grass (kg/m2) is an integral part of our population
estimations. It varies widely from bed to bed and also within indi-
vidual beds. It is one of the major sources of error in our estimates.
Department divers were employed to determine the density of eel grass.
Due to poor weather conditions and prior comnitments by the divers, only
a minimal survey could be completed. Three areas were surveyed: Bed
number 9, which is a very dense bed; bed number 22, which is of medium
density; and bed number 23, which has a low density. Thirty meter
transects were laid out randomly within each bed. The divers swam along
the transects 'and determined the percentage of the eel grass bed that
was actually eel grass. Most of the beds have a patchy distribution of
eel grass. Three transects were swam in bed n~mber 9 and two transects
in bed number 22 and 23 (Figure 1). Three ~ m samples of eel grass were
taken from bed number 9 and 2 samples from beds 22 and 23. The samples
were taken from areas of 100% eel grass. The ~1; m2 samples of eel grass
were weighed. A subsample was taken and stripped of excess water in the
same manner as the eggs are removed. TIle eel grass was reweighed to
determine the percentage weight loss due to moisture. The total wet
weight of the ~m2 sample is reduced by this percentage. In this m8nner
the density of eel grass (kg/m2) is determined in the same manner as
the spawn density, eggs per unit weight of eel grass.
The eel grass densities (Table 1) were applied to similar areas through-
out the bay.
Biomass Computation
Four separate estimates are needed to compute spawning biomass: (i)
number of eggs/kg eel grass; (ii) kg eel grass/m2 ; (iii) m2 of spawn;
and (iv) fecundity. Each of these estimates contributes to the variance
of the biomass estimations and makes it extremely difficult to determine
confidence limits. However, confidence limits of the biomass estimate
are calculated from the greatest single source of error.
The total number of eggs spawned at a given time is represented as:
" Eggs
kg eel grass x
kg eelgrass
m2 x
2
area m Total eggs
The total number of eggs is converted to tons by multiplying by .966 X
10-8 , which is the reciprocal of:
Fecundity X grams X Poundspound Ton
T~LE 1.
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Eel grass densities determined from surveying eel grass beds number
9, 22, and 23.*
Bed No. 9 Bed No. 22 Bed No. 23
Transect No. 1 2 3 1 2 1 2
%Bottom Cover .93 .92 .74 .96 .82 .58 .54
Kg Eel Grass 2.015 2.076 2.450 .976 1.520 1.108 .816
per m2
Density 1.873 1.909 1.813 .934 1.246 .643 .441
(Kg/m2)
Mean Density
*See Figure 1.
1.865 1.090 .542
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or
114 eggs
gram
1
X 454 grams
pound
X 2,000 lbs
ton
= .966 X 10....
8
All spawns are totaled to arrive at biomass for the season.
San Francisco Bay
Sampling Techniques
There is little eel grass, Zostera, in San Francisco Bay. Herring will
spawn on anything that occurs in the intertidal and immediately adjacent
subtidal areas. This includes many species of algae, marine invertebrates,
bare rocks, sand, and man-made objects such as pilings and Doats.
A daily visual search of the selected area of the bay (Figure 2) was
conducted at or near low tide. The intertidal area was observed from
a 19 foot boat as we cruised parallel to the shoreline. Stops were
made at intervals for a closer inspection of the area, but spawns were
usually unmistakable due to the presence of gulls in the area.
When a spawn occurred, the perimeters were marked on Coast Guard Chart
5532 and the length of shoreline was determined by measuring directly
from the chart. The width of the spawn was measured at from 3 to 5
places and the results averaged. Measurements were made from the high
tide mark to the outer limit of egg deposits. The outer limit of the
spawn is subtidal and could not be determined visually from the surface.
An 8 foot long piece of pipe threaded at one end was bounced along the
bottom; the herring eggs if present would lodge in the threads in the
pipe. At low tide the spawn rarely extended out to a depth greater
than 4.5 m (15 ft) and this proved a simple, practical method of measuring
spawn widths. The square area was computed from the linear shoreline
length and the average width measurements. Miller and Schmidtke (1955)
assumed the spawn deposits to be an average of 18 m (20 yd) ride. r
found that widths were generally 11 to 18 m (12 to 20 yd) wide in light
to moderate spawns, and 18 to 27 m (20 to 30 yd) wide in heavy spawns.
The average spawn width used by Miller and Schmidtke will result in a
low estimate. If a light spawn is narrower than 18 m wide, expanding
its area will not compensate for reducing the area of a heavy spawn over
18 m wide.
I used a two-stage random sampling plan to collect samples of spawn in
San Francisco Bay. Each sample consisted of three subsamples collected
in the following manner. The shoreline at each spawn site was divided
into equal sections of approximately 930 m2 (10,000 £t2). Depending on
the area of the spawn site, between three and ten of the 930 m2 (10,000 ft 2)
sections were randomly selected. From each selected section, I took
three 100 c~ (15.5 inch2) random subsamples. The density of egg deposits
for each section is the mean value from the three subsamples. The 100cm2
areas were selected near the water line and all eggs and algae were
removed from the area. When no algae was present, the eggs were scraped
off the rocks or the rock was removed and saved if it was practical.
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It was occasionally possible to count the eggs in the field when densities
were 'very light. Tne eggs and algae were placed in plastic bags,
labeled with sample number, date and location; the samples were not
preserved, but were refrigerated until they could be worked up.
After the samples were collected, cement discs were placed throughout
the spawn area. These discs were used to determine if additional
spawning occurred after we collected samples. When additional spawnings
occurred, the average number of eggs on the discs was determined and
extrapolated over the spawn area. The additional tonnage was added to
that determined from the regular samples. The discs were not used during
the 1973-74 season; however, the spawn in the field was examined periodically
for newly deposited eggs.
Everything in the 100 cm2 subsample was weighed (eggs and algae). The
number of eggs was estimated by weighing a small representative portion
of the subsamp1e, counting the eggs in that portion, and calculating
the eggs in the subsample.
Biomass Computation
The average number of eggs per square meter was calculated from the eggs
per sample (100 cm2). The area of the spawn was changed from sq,uare feet
to square meters and total number of eggs determined by multiplying
area (m2) by spawn density (eggs/m2}. The number of eggs is converted ~8
to tons of spawning biomass by using the conversion factor of .966 X 10 •
Fecundity
HardWick (1973) estimated herring fecundity at 114 eggs/g of fish re~
gardless of sex. Make Kaill (University of the Pacific; unpub. man.)
estimated the fecundity to be 108 eggs/g of herring regardless of sex.
Both estimates were arrived at independently and both were for Pacific
herring in Tomales Bay.
I have accepted their findings as the fecundity of herring in California,
and used Hardwick's estimate of fecundity in this paper.
Effect of Predation
The total predation on herring spawn by gulls, diving birds, and fish
can be extensive. Outram (1958) estimated total predation at 56% to
99% and found 66% of predation occurred within 3 days of spawning.
Cleaver and Franett (1946) estimated 66% predation after 4 days.
Hardwick (1973) implies predation could be 90% a week after spawning
occurs. These are maximum rates. Predation is actually quite variable
and no general rate can be applied to spawnings that occur.
Tomales Bay
Predation in Tomales Bay was not considered as a factor in estimating
biomass. Most of the spawns were sampled less than I day after they
occurred. In many cases no predation was evident since we found the
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spawns before any birds collected in the area.
The density (kg/m2) of eel grass is greatly reduced by diving birds.
The leaves are torn off and in many cases whole plants are pulled out
of the substrate. By the end of the spawning season many formerly lush
beds of eel grass had been cropped to within a few inches of the substrate.
The density of eel grass, which is an integral part of our biomass
estimates, was determined during the later part of the season when the
density is at a low level. Even though density samples were taken from
beds that had not been decimated, the eel grass density figures are
still conservative. I would rather use a conservative eel grass density
figure than a high density figure.
San Francis co Bay
During low tide in San Francisco Bay 50% of a spawn could be exposed
and gull predation can be severe. In many cases the shoreline would be
covered with gulls for thousands of feet (Figure 3). Visual observations
indicate that egg predation is low on light spawns because gulls seem
to have difficulty locating eggs. Egg predation appears to be moderate
on heavy spawnings because there are simply too many eggs and the birds
become full or disinterested after a time. TIle percentage of predation
is heaviest on medium density spawnings (Figure 4).
We were able to conduct repetitive sampling on two occasions during
the 1973-74 season. A second series of samples taken from the same
locations as the first were collected 1 day later. SaIDPlings resulted
in a predation rate of 82%. During the 1974-75 season repetitive sam-
ples were collected 1 week after a spawn occurred and yielded predation
rates of 87% (Table 2). Most predation occurs the first few days after
a spawn.
These predation rates were applied to portions of certain spawns in 1973-
74 because they could not be sampled the day after they occurred. All
spawns in 1974-75 were sampled soon after they occurred. No predation
factors were applied, although gulls were feeding in the area before
our samples were taken. It is difficult to estimate the effect of a
few hours of predation.
Results
Tomales Bay
1973-74 Season. Eel grass, Zostera marina, is the principal substrate
used for spawning in Tomales Bay. While spawns were also found on
GraciZaria, Macrocystis, and Gigartina, these spawns were not sampled.
The biomass of herring that spawns on substrate other than eel grass is
unknown, but is considered minor, and estimates of spawning biomass
arrived at from surveying only eel grass beds are conservative.
It is difficult to say exactly how many spawning runs took place during
the season. There were 33 separate spawning sites. Spacing the spawns
on a time frame indicates there could have been as many as eight spawning
runs. Nevertheless, there were only four major spawns which accounted
-14-
FIGURE 3. Gulls eating herring eggs near Sausalito.
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FIGURE 4. Effect of predation. The rignt face of this rock has untouched
eggs remaining, while the left face exhibits severe predation
by gulls.
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for 93% of the herring spawning biomass estimate.
resulted from a few herring schools arriving late
precocious schools that spawned early.
The smaller sp awns
in the bay or a few
It is not necessary to describe each spawn indiVidually since they are all
similar, generally only differing in the size of the spawning area.
The dates, location, area, density, and biomass estimates were recorded
for each of the 33 spawn sites (Table 3). The confidence limits of the
estimate were calculated from the combined variance of the 118 spawn
samples (eggs per kg eel grass) taken during the season. The combined
sample mean (eggs per m2) results in a higher combined estimate than the
sum of individual spawn estimates. The 95% confidence interval is 37%
of the estimate (Table 4) •
Spawning activity was not centered around any particular part of the
bay. The larger beds near White Gulch and Toms Point accounted for most
of the biomass estimate, but they were not spawned on any more frequently
than the smaller beds along the south shoreline (Figure 1).
Our estimates indicate a minimum of 626 billion eggs were spawned,
equivalent to 5,480 Mg (6,041 tons) of herring. The season's catch was
470 Mg (518 tons) of prespawners. Adding the catch to our estimate,
the spawning biomass becomes 5,950 Mg (6,559 tons) (Table 5).
1974-75 Season. Again, it is difficult to say how many separate spawns
occurred during the season. There were 23 separate spoawning sites. From
mid-January through March, spawning was almost continuous with usually no
more than a few days between each series of spawns. Intervals between
spawns indicate between eight and eleven runs occurred during the season.
As in the 1973-74 season, there were four major spawns which accounted
for 92% of all spawning activity.
The dates, location, area, density, and estimated biomass were recorded
for each of the 23 spawn sites (Table 6). The confidence limits were
calculated in the same manner as the 1973-74 season. The combined
sample mean (eggs/m2) results in a higher combined estimate than the sum
of individual spawn estimates. The 95% confidence interval is 29% of
the estimate (Table 7).
Spawning activity, as in the 1973-74 season, was not centered in any part
of the bay. The larger eel grass beds near White Gulch and Toms Point
accounted for most of the spawning biomass estimates, but spawning
occurred on these beds no more frequently than on the smaller beds along
the north and south shore (Figure 1).
Our estimates indicate
4,210 tons of herring.
catch to our estimate,
herring (Table 8).
a m1n1mum of 436 billion eggs were spawned by
The season's catch was 524 tons. Adding the
the spawning run consisted of 4,734 tons of Pacific
-17-
TABLE 3. Spawn dates, locations and estimates of spawning biomass in Tomales
Bay for the 1973-74 Season.
Area II Eggs kg Eel Grass Ii E:~S Millions
Date Location* rtf. kg Eel Grass m2 Eggs Tons
25 Dec 73 1 3,348 138,500 1.9 263,100 867 8
25 Dec 73 2 5,022 1,621,000 1.9 3,080,000 15,400 149
25 Dec 73 3 256 42,600 1.9 80,900 21 .2
25 Dec 73 4 93 26,200 1.9 49,800 5
25 Dec 73 5 5,200 19,800 1.9 37,600 195 2
26 Dec 73 7 5,750 11,100 1.9 21,000 120 1
27 Dec 73 22 & 24 162,100 227,100 1.1 250,000 40,500 391
19 Jan 74 9 16,700 479,600 1.9 911 ,200 15,214 147
19 Jan 74 9 20,900 1,123,600 1.9 2,134,800 44,835 433
19 Jan 74 23 441,000 129,422 .6 77 ,600 34,222 331
19 Jan 74 9 9,100 537,000 1.9 1,020,000 9,282 90
20 Jan 74 10 3,700 776,469 1.9 1,475,300 5,475 53
20 Jan 74 11 2,700 25,595 1.9 48,600 131 1
20 Jan 74 11 5,000 337,100 1.9 640,500 3,200 31
20 Jan 74 11 19,300 249,300 1.9 473,700 9,142 88
20 Jan 74 22 141,146 600,600 1.1 661,000 93,201 900
20 Jan 74 24 20,900 226,200 1.1 249,000 5,229 51
20 Jan 74 10 7,900 Intertidal spawn 224,200 1,772 17
28 Jan 74 2 11,160 217,550 1.9 413 ,300 4,854 44
8 Feb 74 2 11,160 73,600 1.9 139,840 1,554 15
8 Feb 74 26 71,500 54,900 1 54,900 3,905 37
11 Feb 74 21 & 23 273,400 291,800 .6 175,000 47,775 462
11 Feb 74 26 102,100 99,600 1 99,600 10,159 98
15 Feb 74 19 & 20 365,000 629,000 1.1 692,000 252,580 2440
25 Feb 74 1 2,800 575 1.9 1,100 3
25 Feb 74 2 11,160 267,800 1.9 508,800 5,649 54
25 Feb 74 3 4,200 789,500 1.9 1,500,000 6,300 61
25 Feb 74 5 5,200 207,160 1.9 393,600 2,043 20
25 Feb 74 6 5,750 9,431 1.9 17,900 102 1
26 Feb 74 7 5,750 773,400 1.9 1,469,500 8,446 81
26 Feb 74 8 2,800 176,375 1.9 335,100 938 9
26 Feb 74 9 16,700 79,241 1.9 150,600 2,505 24
11 Mar 74 3 770 127,700 1.9 242,600 186 2
TOTAL 1,759,565 625,807 6041
* See Figure 1.
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TABLE 4. Confidence intervals for the Tomales Bay biomass estimates during the
1973-74 season.
Combined X Combined s 2 Estimated 95%
No. of (eggs/ kg (eggs/kg kg biomass Confidence
Samples eel grass) eel grass) eel grass (tons) Interval
112 405,998 5,932,200,000 1,655,386 6,491 + 2,416
TABLE 5. Size of the spawning run during the 1973-74 season in Tomales Bay in
tons.
Tons
Estimated Spawning Biomass
Catch
Size of Spawning Run
604.1
518
6559
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TABLE 6. Spawn dates, locations and estimates of spawning biomass in Tomales Bay
for the 1974-75 Season.
Ar~a # Eggs Kg Eel Grass I} E,gs Millions
Date Location* m Kg Eel Grass m2 m Eggs Tons
,
27 Dec 74 2 11 ,160 1,149,000 1.9 2,183,000 24,231 234
27 Dec 74 25 133,800 12,600 .5 6,300 842 8
27 Dec 74 5 5,560 71 ,500 1.9 135,800 756 7
27 Dec 74 3 & 4 349 1,221,000 1.9 2,320,000 809 8
31 Dec 74 9 46,700 158,800 1.9 301,700 14,089 136
31 Dec 74 10 3,700 268,600 1.9 510 ,300 1,888 18
31 Dec 74 8 2,800 11,500 1.9 21,800 61 .6
31 Dec 74 23 100,000 23,400 .4 9,360 936 9
2 Jan 75 23 348,700 182,400 .6 109,400 36,994 357
19 Jan 75 23 418,500 229,600 .6 137,800 57,684 557
19 Jan 75 21 697,500 294,800 .6 176,900 123,369 1,192
29 Jan 75 23 550,560 140,100 .5 70,100 38,555 372
29 Jan 75 11 36,400 359,700 1.9 683,400 24,875 240
6 Feb 75 25 33,400 56,500 .5 28,250 945 9
10 Feb 75 9 16,700 866,000 1.9 1,645,000 27,471 265
10 Feb 75 22 140,000 333,000 1.1 366,300 51,240 495
16 Feb 75 9 21,000 25,800 1.9 49,000 1,029 10
18 Feb 75 11 19,200 151,700 1.9 288,200 5,472 53
23 Feb 75 16 37,200 55,850 4 223,400 8,310 80
24 Feb 75 25 50,200 54,600 .5 27,300 1,370 13
27 Feb 75 9 13,000 50,200 1.9 95,400 1,240 12
1 Mar 75 29 170,000 79,700 1 79,700 13,600 131
5 Mar 75 9 29,900 4,800 1.9 9~100 272 3
TOTAL 2,886,329 436,038 4,210
* See Figure 1.
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TABLE 7. Confidence intervals for the Tomales Bay biomass estimate during the
1974-75 season.
No. of
Samples
118
Combined x
kg Eel Grass'
222,610
Combined 8 2
kg Eel Grass
1,117,589,600
kg Eel Grass
2,247,312
Estimated
Biomass (tons)
4,840
95% Confi-
dence Interval
+ 1,408
TABLE 8. Size of spawning run during the 1974-75 season in Tomales Bay.
Tons
Estimated Spawning Biomass
Catch
Size of Spawning Run
4210
524
4734
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San Francisco Bay
1973-74 Season. Four spawns occurred during the 1973-74 spawning
season. The first spawn began on December 16, 1973 and lasted four
days. The last spawn on March 17, 1974 was the largest of the season.
The first spawn on December 16-19, 1973 covered 5,670 m (6,200 yd) of
shoreline along the Belvedere and Tiburon Peninsula (Figure ~). The
average width was 9 m (10 yd), and the area totaled 69,900 m. Spawn
deposits were light to moderate, estimated at 494,000 eggs per m2 • A
total of 34,506 million eggs was estimated to have been spawned by
302 Mg (333 tons) of herring. Because of darkness, sampling could not
be completed until the following day, and a predation rate of 82% was
applied to that area that could not be sampled the first day. This
increased the spawn estimated to 36,328 million eggs or 318 Mg (351 tons)
of herring (Table 9).
The next spawning occurred on February 5, 1974 and lasted for seven days.
This was the most extensive spawn of the season, covering the shoreline
of Belvedere-Tiburon, Angel Island, and from Sausalito to the Golden
Gate Bridge (Figure 5). Approximately 19,200 m (21,000 yd) of shoreline
were involved~ with an average width of 12.8 m (14 yd). The spawn2area
was 248,000 m. The spawn density estimated at 460,000 eggs per m was
less than the previous spawn. Sampling estimated 114 billion eggs were
deposited by 1,000 Mg (1,102 tons) of herring.
Predation was again a factor. Part of this spawn took place over a
weekend and was not sampled until the following Monday. Gulls were
prevalent throughout the area, and the predation rate of 82% increased
the number of eggs originally spawned to 184 billion by 1,612 Mg
(1,777 tons) of herring (Tab.le 9).
The third spawn on February 28, 1974 was the smallest in area and
lightest in density of the season. Spawning covered 1,830 m (2,000
yd) of shoretine with an average of 13 m (14 yd). The total area
was 23,400 m , and spawn extended along the north side of the Tiburon
Peninsula (Figure 5) between Pt. Chauncey and Paradise Park. Unfortunately,
this spawn occurred at an inopportune time since weather conditions were
severe, and it was not located until nearly a week2after it occurred.Sampling gave a spawn density of 30,800 eggs per m and a total of 720
million eggs spawned. Predation was assumed to be 95% in this case, and
the estimate was increased to 14,490 million eggs spawned by 127 Mg (140
tons) of herring (Table 9).
The fourth and final spawn of the season occurred on March 17-18, 1974.
The area was not extensive, but the spawn density was the heaviest of
the season, which made this spawn the season's largest. The spawn
covered 11,000 linear yards of shoreline to an average width of 14 m
(15 yd), along Sausalito an2 Belvedere-Tiburon (Figure 5). The total
area of spawn was 133,000 m. Sampling indicated a moderately heavy
spawn density of 1.1 million eggs per m2 , with 149 billion eggs deposited
by 1,310 Mg (1,445 tons) of herring.
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FIGURE SA. Spawn dates and locations during the 1973-74 season in San
Francisco Bay: A. December 16-19, 1973; B. February 5-11,
1974; c. February 28, 1974; March 17-18, 1974.
FIGURE 5B.
-23-
o,
SCALE
MILES
.:;:. OAKLAND
"f:~:"
.'
..
...
....
5,
FIGURE 5C.
-24-
o,
SCALE
MILES
.~:. OAKLAND
..
..{:~..
.'..
...
....
5,
FIGURE SD.
-25-
ANGEL is.
TREASURE IS.
..... ....
.............."... , ....•..:
SAN FRANCISCcY.••
I.
o,
SCALE
MILES
.~:. OAKLAND
'.
..::~..
;.
..
...
....
5,
-26-
TABLE 9. Spawn dates and estimates of herring biomass including correction for
predation in San Francisco Bay for the 1973-74 season.
Biomass with
Spawning 2 2 Millions
Predation
Date Area m Eggs/m of Eggs Tons Correction
16-19 Dec 73 69,900 494,000 34,506 333 351
5-11 Feb 74 248,000 460,000 114,080 1,102 1,777
28 Feb 74 23,400 30,800 720 7 140
17-18 Mar 74 133,000 1,125,000 149,625 1,445 1,973
TOTAL 474,300 298,931 2,887 4,241
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The Sausalito spawn on March 17 was not sampled until Monday, March 18,
1974. The 82% predation factor was applied and increased the eggs de-
posited to 204 billion by 1,790 Mg (1,973 tons) of herring (Table 9).
The four spawns with corrections for predation total 3,847 Mg (4,241
tons) of herring which spawned 439 billion eggs. Since the herring
fishery takes fish before they spawn, the spawning run is a total of
the estimated herring biomass plus the catch. The catch of 1,711 Mg
(1,886 tons) places the estimated spawning run for the 1973-74 season
to 5,558 Mg (6,127 tons) (Table 10). The confidence limits of the
estimate were calculated from the combined variance from the 241 samples
taken during the season. The 95% confidence interval was 34% of the
estimate (Table 11).
1974-75 Season. Five spawns occurred during the 1974-75 season. We
were fortunate to be able to sample most areas the d~y after the spawns
occurred. Spawns that could not be sampled until one to three days
after they occurred either exhibited no predation or the egg deposits
were so heavy the predation by gulls had so little impact that our 82%
predation rate for moderate spawns seemed inappropriate. No correction
for predation was applied to any of the spawns during the 1974-75 season.
The first spawn occurred on December 8, 1974 and covered about 550 m
(600 yd) along the west side of Belvedere (Figure 6). The width
averaged 11 m (12 yd), and the total area was 6,000 m2 • Sampling showed
a moderate egg density of 471,000 eggs/m2 with nearly 3 billion eggs
spawned by 27 tons of herring (Table 12).
The second spawn of the season occurred on January 3-4, 1975. About
16,100 m (17,600 yd) of shoreline were involved along the Belvedere-
Tiburon area and Sausalito (Figure 6). The average width was about
13 m (14 yd), and the total area 209,500 m2 . Spawn density was moderate
at 625,700 egg/m2 , and an estimated 131 billion eggs were spawned by
1,147 Mg (1,264 tons) of herring (Table 12).
The first two spawns of the season gave no indication of what was to come.
The most extensive single spawn ever recorded in the bay occurred
January 20-25, 1975. Over 37 km (23 miles) of shoreline were covered
over the 6-day period, nearly the entire survey area (Figure 6). The
spawn width varied from 27 m (30 yd) at Angel Island to 15.5 m (17 yd)
wide along Sausalito, with the area totaling 818,400 m2 • The egg densities
estimated from our samples were the highest ever recorded in the bay.
Miller and Schmidtke (1955) found maximum spawn densities of 1,637,000
eggs per m2 , but it covered an a~ea of only 219,000 m2 • Average egg
density was 1,617,000 eggs per rn with an estimated 1,323 billion eggs
spawned by 11,591 Mg (12,777 tons) of herring (Table 12). The egg deposits
on Angel Island near Pt. Stuart were incredible; it looked as if it had
actually snowed herring eggs. No rocks or algae could be seen in the
intertidal area, nothing but a carpet of eggs. Thickness reached nearly
four inces in places; this is equivalent to about six million eggs per
m2 .
The fourth spawn of the season occurred about February 15, 1975 at Coyote
Pt. I believe this was the only spawn in the south bay this year. A
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TABLE 10. Size of the spawning run during the 1973-74 season in San
Francisco Bay.
Estimated Spawning Biomass
Catch
Size of Spawning Run
4,241
1,886
6,127 Tons
TABLE 11. Confidence limits for the San Francisco Bay biomass estimate
during the 1973-74 season.
No. of Combined x Combined 8 2 95% Confi-2 EstimatedSamples (eggs/m2) (eggs/m2) Area (m ) Biomass (tons) dence Interval
241 630,250 11 ,840,797,000 474,300 2,887 + 975
TABLE 12. Spawn dates and estimates of herring spawning biomass in
San Francisco Bay for the 1974-75 season.
2 2 Millions ofSpawn Date Area m Eggs/m Eggs Tons
8 Dec 74 6,000 471,000 2,826 27
3-4 Jan 75 209,500 625,700 130,834 1,264
20-25 Jan 75 818,400 1,617,000 1,322,706 12,777
14-16 Feb 75 8,360 NOT SAMPLED
26-27 Feb 75 442,000 1,264,000 558,688 5,397
TOTAL 1,484,260 2,015,054 19,465
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park ranger at Coyote Pt. reported herring had spawned at Coyote Pt.
Marina in past years. Miller and Schmidtke also reported spawning
had taken place near this area. This spawn was not sampled because
most of it was subtidal. We were not equipped to estimate the magni~
tude of subtidal spawns. The area was measured and totaled only 8,300
indicating the spawn was of minor significance.
2
m,
-
The fifth spawn began on February 26, 1975 and lasted two days. About
14,100 m (15,400 yds) of shoreline were involved along Sausalito and
th~ Belvedere-Tiburon area (Figure 6). Spawn width averaged 37 m (41
yd) at Sausalito and 18 m (20 yd) at Belvedere-Tiburon; the total
area was 442,000 m2 • Spawn densities were again heavy; 1,264,000 eggs
per m2 , and 559 billion eggs were spawned by 4,896 Mg (5,397 tons) of
herring (Table 12). The confidence limits were calculated from the
combined variance of the 226 samples taken during the season. The additional
spawn at Angel Island was treated as a separate spawn and raised the
total spawning area to 1,708,900 m2 . The 95% confidence interval was
28% of the estimate (Table 13).
There were no additional spawns during March. It is likely that minor
spawning will occur in April or May, but it will not add significantly
to season biomass estimates.
I estimated a total of 2,015 billion eggs were deposited during the season
by 17,822 Mg (19,465 tons) of herring.
Discussion
Estimates of Pacific herring spawning biomass for both San Francisco Bay
and Tomales Bay are higher than any previously recorded. For all prac-
tical purposes, the resource was not fished commercially from 1963 to
1973, and fishing was light for a la-year period prior to that. An in~
crease in the herring population size would be expected during this 20-
year period.
Tomales Bay
Miller and Schmidtke (1955) estimated the spawning population of herring
in Tomales Bay at 3,629 m (4,000 tons). Their study was conducted after
a period of heavy fishing when annual landings were between 1,360 Mg
and 2,270 Mg (1,500 and 2,500 tons). Their age composition data indicate
that the population may have been depressed at that time.
Hardwick (1973) found that techniques used by Miller and Schmidtke in
Tomales Bay were in need of revision; particularly fecundity, since no
data were available for herring in California. Miller and Schmidtke used
fecundity data (Hourston, 1953) from Canadian herring, but Canadian
herring are known to be larger than California herring. Hardwick estimated
that a ton of herring will spawn 103 million eggs compared to 59 million
eggs per ton used by Miller and Schmidtke.
Hardwick estimated 2,270 Mg (2,500 tons)
Mg (1,600 tons) in 1972 for Tomales Bay.
data when applied to 1955 results lowers
of spawners in 1971 and 1,452
Hardwick~s improved fecundity
the estimate from 4,000 tons
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FIGURE 6A. Spawn dates and locations during the 1974-75 season in San
Francisco Bay: A. December 8, 1974; B. January 3-4, 1975;
C. January 20-25, 1975; D. February 26-27, 1975.
FIGURE 6B.
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TABLE 13. Confidence limits for the San Francisco Bay biomass estimate
during the 1974-75 season.
No. of
Samples
Combined2x(eggs/m )
Comb ined2s
2
(eggs/m ) 2Area (m )
Estimated
Biomass (tons)
95% Confi-
dence Interval
226 1,178,534 27,733,928,000 1,708,900 19,465 + 5,381
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to 2,200 tons.
Past data are then quite comparable with estimates ranging from 1,452
Mg to 2,270 Mg (1,600 tons to 2,500 tons). Kowever, both Miller and
Schmidtke as well as Kardwick made no allowance for predation on spawn
deposits before they were sampled. Miller and Schmidtke sampled but
once or twice a week at the most, while Hardwick states that most of
the spawns he found were five to six days old. I have shown that pre-
dation can be severe in San Francisco Bay and spawn on eel grass in
Tomales Bay is also subject to heavy predation. Hardwick implied 90%
predation six days after a spawn in Tomales Bay. Outram (1958} and
Cleaver and Franett (1946) indicate that predation can be as high as
66% three to four days after a spawn and may reach 99% before the eggs
hatch.
Predation undoubtedly played a major role in Miller and Schmidtke, as
well as Hardwickts estimates. In fact, it is conceivable that both
researchers completely missed some spawning because of predation. Hard.".
wick stated that his estimates could be low by as much as 90%.
Before the current study, it was apparent that in order to have mean-
ingful results, predation must be accounted for. I chose to make an
intensive daily search for spawn sites. In some cases, we found herring
while they were spawning, and in nearly all cases, spawns were located
the morning after they occurred. The predation factor was not eliminated,
but was kept to a minimum in this manner.
My estimate of spawning biomass, 5,480 Mg (6,041 tons) in 1973-74 and
3,820 Mg (4,210 tons) in 1974.".75, still must be considered conservative
for the following reasons: (i) only spawns on eel grass, Zostera marina~
were included in the estimates; (ii) eel grass densities were estimated
late in the season and were conservative; (iii) spawning probably started
before surveys were initiated in December and stopped after our surveys
were terminated in March; and (iv) the predation factor, although kept
to a minimum, still existed to some extent.
San Francisco Bay
Results obtained for the two years of this study differ considerably
from year to year. I estimated 5,558 Mg (6,127 tons) of spawners in
1974 and 17,659 Mg (19,465 tons) in 1975. The methods used were comparable
each year, but spawn deposits were more extensive and density of egg
deposits higher in 1975. It is likely that the 17,659 Mg (19,465 tons)
estimate of biomass for 1975 is closer to the actual population size
than the 1974 estimate of 5,558 Mg (6,127 tons).
Weather conditions differed markedly from 1974 to 1975. Rainfall
reached near record amounts during the winter of 1974, while December
and January were relatively dry in 1975. Increased run-off from the
nearly continuous rain during 1974 probably affected herring spawning
habits that year. The same number of spawns were found each year, but
I feel the subtidal spawns were more extensive in 1974 than 1975. The
lower surface salinity apparently forced the herring to spawn in deeper
water. Another possibility is that the herring spawned in other locations,
perhaps Bodega Bay and Drake's Bay, which was influenced less by run-off.
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The primary reason that I believe the estimates for 1974 are artificially
low is because an analysis of the age composition of the catch from the
1974 and 1975 seasons indicates that recruitment remained stable over
the two years. The increased estimate for 1975 was not due to a
successful year class spawned three winters ago.
Prior estimates in 1955 indicate the spawning population in San Francisco
Bay was on the order of 10,886 Mg (12,000 tons). However, the methods
used were not comparable to mine; the principal difference being fecundity
estimates and predation rates on egg deposits. Applying Hardwick's (1973)
improved fecundity figure to Miller and Schmidtke data produces a
spawning biomass estimate of 6,170 Mg (6,800 tons), or about half the original
estimate of 12,000 tons. Miller and Schmidtke also made no allowance
for effects of predation. This would cause their estimate to be low by
an unknown degree. Miller (California Department of Fish and Game,
pers. commun.) places little confidence in the accuracy of his estimates
from spawn surveys because most of their effort was spent on acoustic
survey techniques, which met with difficulties and poor results.
The 1974-75 estimate of biomass for San Francisco Bay is conservative,
but not nearly as conservative as the Tomales Bay estimate. The estimate
of nearly 20,000 tons should not be considered a minimum figure.
RESOURCE STRUCTURE
An attempt to understand the structure of the Pacific herring resource
was made by analyzing data obtained by sampling the catch, tagging herring,
and limited observations on behavior.
Methods
Sampling Techniques
An attempt was made to sample the catch of one lampara boat and one
purse seine boat each day the fleet fished. Gill net boats landed
fish sporadically and were sampled when the opportunity presented itself.
A sample consisted of a random scoop of herring totaling about 5 pounds,
taken while the boats were unloading. Each sample was processed by
placing every other fish on a balance until a weight of 1,000 g (2.2 lbs)
was reached. The fish not on the balance were then weighed. In an
effort to insure a random sample, if the weight differed more than 100 g
(.22 lbs) between samples, all fish were thoroughly mixed and the process
repeated until two approximately equal samples were obtained. Every
fish in the first 1,000 g was weighed to nearest 0.1 g, measured in
millimeters standard length (rom SL), sexed, and its stage of maturity
determined. Otoliths were removed for age determination. Sampling
techniques remained the same throughout the study for both Tomales Bay
and San Francisco Bay.
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Tagging
A limited tag and recovery program was initiated to aid in determining
movement patterns and solving the question of possible subpopulations
between Tomales and San Francisco Bays.
A tagging feasibility study was conducted in March 1973 at Sausalito in
San Francisco Bay. Initially, 400 herring were tagged with a plasbic
external anchor tag (Floy FD67). These fish and an additional 100 fish
used as a control were kept in a live bait receiver for 19 days. At the
end of this period, there were 328 tagged fish, 132 untagged fish, and
12 fish that had shed tags. During this 19 days, three tagged fish died
and one control died. Of the initial 400 tagged herring, only 343 could
be accounted for after 19 days. Cormorants were reportedly seen in the
receivers and probably captured the remaining 57 fish. TIle additional
33 untagged herring swam into the receiver through small holes. The
bait operator who owned the receiver said this is a common occurrence.
Forty-nine of the 328 tagged fish had infection around the wound and
would probably die or shed the tag. The tagging method was considered
feasible with an initial mortality and shedding rate of less than 5%
and a total mortality and shedding rate of 16%.
All control fish were tagged prior to release, and a total of 451 fish
was released.
On March 20 and 21, 1974, an additional 1,561 herring were tagged and
released at Sausalito.
Results
Tomales Bay
Samples of the Tomales Bay catch are available for the past three seasons,
1973 to 1975. Herring do not enter the catch until two years old, and
they are fully recruited at this age.
Age COmposition. The catch was dominated by two-year-old fish in 1973
and 1974, accounting for 34% by number and 21% by weight of the catch
in both years. In 1975, the catch was dominated by three-year-old fish,
accounting for 29% by number and 28% by weight of the catch. Although
the incoming year class apparently dropped to 19% by number and 9% by
weight of the catch in 1975, the overall age composition remains rela-
tively unchanged over the three years (Table 14). The two, three, and
four-year-old fish accounted for 68%, 67%, and 71% by number of the
catch 1973, 1974, and 1975, respectively. These same three age groups
accounted for 53%, 50%, and.61% by weight of the catch in 1973, 1974,
and 1975, respectively.
The fishery does not appear to be dependent upon a few strong age groups,
but rather a fairly constant amount of recruitment each year. This is
indicative of a stable population.
Sex Ratio. The sex composition of the catch indicated a female to male
ratio of 1:1.1, 1:1.3, and 1:1 in 1973, 1974, and 1975 respectively
(Table 15). Hardwick (1973) estimated the female to male ratio did not
differ significantly from 1:1 in 1972.
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TABLE 14. Percentage age and weight composition of the Tomales Bay Catch
for the 1972-73, 1973-74 and 1974-75 seasons.
Age 0 1 2 3 4 5 6 7 8 9
1972-73 Season
Percent by
Number .34 .19 .15 .12 .12 .07 .01
Percent by
Weight .21 .16 .16 .16 .19 .11 .01
1973-74 Season
Percent by
Number .34 .22 .11 .10 .12 .07 .03 .01
Percent by
Weight .21 .18 .11 .13 .18 .12 .06 .01
1974-75 Season
Percent by
Number .19 .29 .23 .14 .07 .07 .01
Percent by
Weight .09 .28 .24 .15 .12 .10 .02
TABLE 15. Sex ratio of Tomales Bay Catch for the 1972-73, 1973-74 and
1974-75 seasons.
Season
Percent Males
Percent Females
Fema1e:Ma1e
1972-73
.52
.48
1:1.1
1973-74
.565
.435
1: 1. 3
1974-75
.50
.50
1:1
-39-
Size Composition. Sampling indicates spawning herring range in size
from 144 mm SL to 247 mm SL (5.6 to 9.7 inches). The largest individual
represents a new size record for herring in California; its total length
was 270 mm (10.6 inches). Combining the mean length of each year class
for the three seasons (Table 16) gives estimated mean lengths at age of
162, 179, 193, 206, 214, 224, 226, and 239 for age groups 2 through 9,
respectively.
Behavior. Data on the size of spawns and their occurrence during the
1974 and 1975 season indicate that spawning does not follow a pattern.
If we compare the four major spawnings in 1974 and 1975 (Table 3 and 6),
they do not occur in the same order each year. In 1974, the fourth
spawn was the largest, accounting for 40% of the total spawning biomass.
In 1975, the second spawn was the largest, accounting for 42% of the total
spawning biomass. This pattern is evidence that individual spawning
runs are not separate from year to year, but merely part of a large
spawning population.
The first period of spawning activity in Tomales Bay during the 1974-75
season began December 27, 1974 and ended January 2, 1975. The fishing
season opened on January 5, 1975. No fish were taken during the first
of the season because herring leave the bay after spawning. On January
13, the fleet found large schools of herring in the bay and caught the
quota of 450 tons in two-and-a-half days.
At least two distinct groups of herring entered the bay during the
1974-75 season, spawned, and left without intermingling; however, their
behavior in the ocean is unknown, and intermingling between schools
may be extensive.
San Francisco Bay
Samples were obtained from the San Francisco Bay fishery during the
1973-74 and 1974-75 seasons.
Age Composition. Herring are fully recruited into the fishery at age
two. Two-year-old fish dominated the catch in 1974 and 1975, accounting
for 41% by number both years, and 30% and 31% by weight of the catch
in 1974 and 1975, respectively (Table 17). The overall age composition
remained relatively unchanged over the two seasons. Age groups two,
three, and four accounted for 80% and 73% of the catch by number in 1974
and 1975 respectively.
The 1974 and 1975 age compositions are from samples taken from lampara
and purse seine boats. There was also a gill net fishery in 1974. Gill
nets were thought to be more size selective; therefore, the age composition
was determined separately. Two-year-old herring dominated the gill net
catch by number (29%) and five-year-old herring dominated the catch by
weight (25%). Age groups two, three, and four accounted for 68% and 57%
by number and weight of the catch (Table 17).
It is apparent that gill nets take a higher percentage of herring over
four years old than do round haul nets. Nevertheless, age groups two,
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TABLE 16. Length at age for the Tomales Bay catch during the 1972-73,
1973-74 and 1974-75 seasons.
Season 1972-73 1973-74 1974-75
Standard Standard Standard
Age mmSL Deviation mmSL Deviation mmSL Deviation
0
1
2 162 7.2 166 8.2 159 8.5
3 178 8.7 178 9.1 182 7.5
4 191 8.1 194 7.1 193 7.7
5 203 6.9 211 9.3 204 7.8
6 213 9.0 219 9.1 209 12.7
7 221 8.2 227 5.3 223 8.5
8 222 234 8.0 223
9 239
TABLE 17. Percentage age and weight composition of the San Francisco Bay
catch for the 1973-74 and 1974-75 seasons.
Age 0 1 2 3 4 5 6 7 8 9
1973-74 Season
Round Haul Catch
Percent by Number .41 .22 .17 .13 .05 .01 .01
Percent by Weight .30 .21 .21 .19 .07 .01 .01
1973-74 Season
Gill Net Catch
Percent by Number .29 .21 .19 .19 .08 .04
Percent by Weight .19 .18 .20 .25 .12 .06
1974-75 Season
Percent by Number - .41 .19 .13 .10 .09 .06 .02
Percent by Weight .31 .23 .14 .11 .10 .08 .03
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three, and four were strongly represented, and gill nets cannot be con-
sidered size selective for management purposes.
Sex Ratio. The sex composition of the catch indicated female to male
ratio of 1:1.3 and 1:1.1 for 1974 and 1975, respectively (Table 18).
Size Composition. Sampling the rotmd haul catch indicated spawning
herring range in size from 131 rom SL to 226 mm SL (5.1 to 8.9 inches
Sizes of herring in the gill net fishery ranged from 132 rom SL to 225
mm SL (5.2 to 8.8 inches Mean lengths at age did not differ greatly
between the rotmd haul catch and the gill net catch. Combining the mean
lengths of each age group for the two seasons gives an estimated mean
length at age of 159, 176, 186, 197, 204, 214, and 220 mm, for ages two
through eight, respectively, (Table 19).
Behavior. The fishing season opened on January 20, 1975 in San Francisco
Bay. The largest spawn of the season also began on January 20 and
lasted for six days. Fishing was stopped on January 22 for a tonnage
cotmt. When fishing resumed on January 26, no herring were in the bay.
On February 2, a new run appeared, and the balance of the catch quota
was taken in two days. These herring did not spawn until February 26,
remaining in the bay 24 days before spawning.
Spent herring were taken during the first two days of the fishery. When
the season opened, herring were spawning and evidently some schools were
caught while moving out of the bay.' It is unusual to catch spent herring,
since they leave the bay immediately after spawning.
Tagging. No tags have been returned to date. Due to the nature of the
fishery, it is doubtful if a full-scale tagging program will be successful.
The herring are not processed indiVidually in the United States. Nearly
all herring are frozen in bulk and exported to Korea where the roe is
removed. If tags were returned from Korea, it would be difficult to
tell where the fish were caught. There is a bait fishery on these same
herring stocks, but limited amounts of herring are taken each year.
Discussion
A comparison of sampling data from the Tomales Bay and San Francisco Bay
fisheries indicates that the two bays contain populations that are not
freely interbreeding. Although data from tag returns are non-existent,
some intermingling between herring from both bays may take place.
Analysis of age-length data indicates a difference in mean length at
age exists between Tomales Bay and San Francisco Bay herring. In 1973-
74, Tomales Bay age classes were from 4 to 14 mm SL larger than corres-
ponding age classes from San Francisco Bay. In 1974-75, Tomales Bay
age classes were again larger by 3 - 11 rom SL. The fact that Tomales
Bay herring are consistently larger at every age group is strong indi-
cation that herring from Tomales and San Francisco bays are not freely
interbreeding. Except during the short spawning season, the herring
population from both bays probably occupies the same area of the Pacific
Ocean off California. The fish feed and grow in the same areas, and
their total environment may be considered the same once they leave the
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TABLE 18. Sex ratio of San Francisco Bay Catch for the 1973-74 and 1974-75
seasons.
Season
Percent Males
Percent Females
Female: Male
1973-74
Round Haul
57
43
1:1.3
1973-74
Gill Net
53
47
1:1.1
1974-75
52
48
1:1.1
TABLE 19. Length at age of the San Francisco Bay catch for the 1973-74
and 1974-75 seasons.
1973-74 Season 1974-75 Season
Round Haul Catch Gill Net Catch
Standard Standard Standard
Age mmSL Deviation mmSL Deviation mmSL Deviation
0 - - - - - -
1 - - - - - -
2 162 8.1 161 9.8 156 10.0
3 173 7.9 175 10.4 178 7.1
4 188 7.6 189 7.7 185 6.0
5 198 7.9 199 8.8 196 8.9
6 205 8.8 209 9.3 204 7.2
7 215 4.9 220 2.9 212 7.9
8 222 - - - 218 11.3
9 - - - - - -
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bays. It is unlikely that environmental factors in the ocean, except
for spawning, would favor herring from Tomales Bay over herring from
San Francisco Bay. The faster growth exhibited by Tomales Bay herring
probably is genetic in origin.
CONCLUSIONS
Data in this report indicate that current spawning populations of Pacific
herring in Tomales and San Francisco bays are larger than prior estimates
indicated. Spawning biomass in San Francisco Bay is estimated at nearly
18,200 Mg (20,000 tons). Tomales Bay spawning biomass is estimated to
be 4,500 to 5,400 Mg (5,000 to 6,000 tons). The 95% confidence interval
for Tomales Bay was 37% of the biomass estimate in 1973-74 and 29% in
1974-75. The 95% confidence interval for San Francisco Bay was 34% of
the biomass estimate in 1973-74 and 28% in 1974-75. The confidence
intervals are relatively narrow and indicate a high degree of confidence
in the biomass estimates obtained.
The nature of the fishery makes it difficult to recover tagged fish.
No tags were returned during the fishery.
Sampling indicates Tomales Bay herring are larger at a given age than
San Francisco Bay herring; this difference may be genetic in or~g~n.
In addition, it is not known if individual spawning runs within each
bay are genetically distinct.
The overall age composition of both bays is comparable with two, three,
and four-year-old fish combined, accounting for 68% to 80% of the catch
during the study. Intenningling between the populations of Tomales and
San Francisco bays is suspected, but its magnitude cannot be determined
at this time. Due to differences in spawning population size and length
at age, the populations associated with both bays should be considered
distinct for management purposes.
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